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Abstract: The aim of this paper is to initiat formal study of hypersoft sets. We first, present basic 
operations like union, intersection and difference of hypersoft sets; basic ingrediants for topological 
structures on the collection of hypersoft sets. Moreover we introduce hypersoft points in different 
envorinments like fuzzy hypersoft set, intuitionistic fuzzy hypersoft set, neutrosophic hypersoft, 
plithogenic hypersoft set, and give some basic properties of hypersoft points in these 
envorinments. We expect that this will constitue an appropriate framework of hypersoft functions 
and the study of hypersoft function spaces. Examples are provided to explain the newly defined 
concepts. 
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1. Introduction 


Molodtsov [16] defined soft set as a mathematical tool to deal with uncertainties associated 
with real world problems. Soft set theory has application in decision making, demand analysis, 
forecasting, information sciences and other disciplines (see for example, [ 13, 14, 15, 17, 18, 19, 20, 21, 
22, 23]). Plithogenic and neutrosophic hypersoft sets theory is being applied successfully in decision 
making problems (see, [2, 3, 4, 5, 6, 7, 8, 9,10,11,12]). 

By definition, a soft set can be identified by a pair (F,A), where F stands for a multivalued 
function defined on the set of parameters A. 

Smarandache [1] extended the notion of a soft set to the hypersoft set by replacing the 
function F with a multi-argument function defined on the Cartesian product of n different set of 
parameters. This concept is more flexible than soft set and more suitable in the context of decision 
making problems. 

We expect the notion of hypersoft set will attract the attention of researchers working on soft 
set theory and its diverse applications. The purpose of this paper is to initiate a formal investigation 
in this new area of research. 

As a first step, we present the basic operations like union, intersection and difference of 


hypersoft sets. Moreover we introduce hypersoft points and some basic properties of these points 
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which may provide the foundation for the hypersoft functions and hence the hypersoft fixed point 
theory. 


2. Operations on hypersoft sets 


In this section, we define basic operations on hypersoft sets. Smarandache defined the 


hypersoft set in the following manner: 


Definition 1 [1] Let U be a universe of discourse, P(U) the power set U and Ej, E>,...,E, the pairwise 
disjoint sets of parameters. Let A; be the nonempty subset of E; for each i = 1,2,...,n. A hypersoft set can be 
identified by the pair (F,A, X A, X +++ X Ay), where: 
F:A, X A, X+X A, > P(U). 

For sake of simplicity, we write the symbols E for E, x E, X +++ x E,, A for A; X Az X ++» X A, and 
a for an element of the set A. We also suppose that none of the set A; is empty. 
Definition 2 [1] A hypersoft set; 
on a crisp universe of discourse Ug is called Crisp Hypersoft set (or simply “hypersoft set”); 
on a fuzzy universe of discourse U, is called Fuzzy Hypersoft set. 
on a Intuitionistic Fuzzy universe of discourse Uj, is called Intuitionistic Fuzzy Hypersoft set; 
on a Neutrosophic universe of discourse Uy is called Neutrosophic Hypersoft Set; 


on a Plithogenic universe of discourse Up is called Plithogenic Hypersoft Set. 


The nature of F(a) is determined by the nature of universe of discourse. Therefore P(U) 
depends upon the nature of universe. We denote H(U,,E) by the family of all *-hypersoft sets over 
(U,,E), where * can take any value in the set {C,F,IF,N,P}, where symbols C,F,IF,N,P denote 


Crisp, Fuzzy, Intuitionistic Fuzzy, Neutrosophic, and Plithogenic sets, respectively. 


The following are the basic operations on *-hypersoft set. 
Definition 3 Let U, be a universe of discourse and A a subset of E. Then (F,A) is called 
1. anull *-hypersoft set if for each parameter a € A, F(a) isan 0,. We will denote it by Bq. 
2. an absolute *-hypersoft set if for each parameter a € A, F(a) = U,. We will denote it by Ug. 


x 
<0,1> 


Remark 1 We consider 0¢ = 2 for empty set, 07 = Gx € Up} for null fuzzy set, O17 = { ,x € Up} 


for null intuitionistic fuzzy set, Oy = { ,x € Uy} for null neutrosophic set. However, in case of 


<0,1,1> 


plithogenic set, we have the following notations: 
© Null plithgenic crisp set 
Opc = {x(0,0,...,0), forallx € Up}. 
© Universal plithgenic crisp set 
1pc = {x(1,1,...,1), forallx € Up}. 
Note that null plithgenic fuzzy set will be same as null plithgenic crisp set and universal plithgenic fuzzy set 


will be the same as universal plithgenic crisp set. 
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© Null plithgenic intuitionistic fuzzy set 
Opp = {x((0,1), (0,1),..., (0,1), forallx € Up}. 
© Universal plithgenic intuitionistic fuzzy set 
1pje = {x((1,0), (1,0),..., (1,0)), forallx € Up}. 
¢ Null plithgenic neutrosophic set 
Opy = {x((0,1,1), (0,1,1),..., (0,1,1)), forallx € Up}. 


© Universal plithgenic neutrosophic set 
1py = {x((1,0,0), (1,0,0),...,(1,0,0)), forallx € U}. 
Definition 4 Let (F,A) and (G,B) be two *-hypersoft sets over U,. Then union of (F,A) and (G,B) is 
denoted by (H,C) = (F,A) U(G,B) with C=C, xC,X-+xXC,, where C, =A; UB; for i=1,2,...,n, 
and H is defined by 


F(q), ifa € A—B 

_ | G(q@), ifa € B—A 

H(@) =| F(a) u,G(a), ifa€ ANB, 
0., else, 


where @ = (Cj,C2,-.-,Cn) EC. 


Remark 2 Note that, in the case of union of two hypersoft sets the set of parameters is a Cartesian product of 
sets of parameters whereas in the case of union of two soft sets the set of parameter is just the union of sets of 
parameters. 
Definition 5 Let (F,A) and (G,B) be two *-hypersoft sets over U,. Then intersection of (F,A) and (G, B) 
is denoted by (H,C) = (F,A) (G,B), where C=C, x C,X+XC, is such that C; = A; NB; for i= 
1,2,...,n and H is defined as 

H(a) = F(a) n, G(a), 
where @ = (C1, C2,...,€n) € C. If C; is an empty set for some i, then (F,A) 1 (G,B) is defined to be a null 
*hypersoft set. 
Definition 6 Let (F,A) and (G,B) be two *-hypersoft sets over U,. Then (F,A) is called a *-hypersoft 
subset of (G,B) if AS B,and F(a) &, G(a) forall a € A. We denote this by (F,A) © (G,B). Thus (F, A) 
and (G,B) are said to equal if (F,A) © (G,B) and (F,A) 3 (G,B). 
Definition 7 Let (F,A) and (G,B) be two *-hypersoft sets over U,. Then *-hypersoft difference of (F, A) 
and (G,B), denoted by (H,C) = (F,A)\(G, B), where C = C, X C, X +X Cy is such that C; = A, N B, for 
i=1,2,...,n, and H is defined by 

H(a@) = F(a@)\.G(q@), 
where @ = (Cj,C2,.-.,Cn) EC. If C; is an empty set for some i then (F,A)\(G,B) is defined to be 
(F, A). 
Definition 8 The complement of a *-hypersoft set (F,A) is denoted as (F,A)° and is defined by (F,A)° = 
(F°,A) where F°(a@) is the *-complemet of F(a) for each a € A. 


Example 1 Let U = {x,,X2,x3,x,}. Define the attributes sets by: 
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Ey, = {041,412}, Fp = {21,422}, Fz = (31, 233}. 
Suppose that 
Ay = {41,412}, A2 = {@21,Q22},A3 = {31}, and 
By = {@y1}, Bo = {@21, O22}, Bs = {31,432} 
thatis,. A,,B; S E; for each i = 1,2,3. 
Let the crisp hypersoft sets (F,A) and (G,B) be defined by 
(FLA) = {((Qin 21, 31), (X12) X23), (Cra 422, 431), {X2}), 
((Q12, 21,431), {%3, X43), ((G12, G22, 431), {%1, X4})}- 
and 
(G,B) = {((Gi1, G21, G31), {X2, %3}), (G11, G22, 31), {X2}), 


((@11, @21, O32), {%1, X4}), ((@11, G22, A32), {%3, Xq})}- 


We have excluded those a € A for which F(a) is an empty set (similarly for those B € B for which 
G(B) is an empty set). 
Then the union and intersections of (F,A) and (G,B) are given by: 
(F,A) U (GB) = (((@i1, G21, G31), (X12, %3}), (Ait Q22 31), {X2}), 
((@12, 21,431), {%3, X4}), (G12, A231), {X1, X4}), 
((Q11, 421,432), {X1, X4}), (G11, 22, M32), {X3, X4}), 
((@12) 21,432), 0c), ((Aiz, A22, 432), Oc )}; 
and 


(F,A) A (G,B) = {((@11, 24, 31), {%2}), (C11) G22 431), {X2})}. 


The differences (F,A)\(G,B) and (G,B)\(F,A) are the following 
(F,A)\(G,B) = {((@11, 421, 431), (%1}), ((@i1, A22, 431), O¢)}}; 
(G,B)\(F,A) = {((@11, 421, 431), (%3}), ((Gi1, 22,431), Oc}. 


Example 2 Let U = {x,,x2,X3,X,}. Define the attributes sets by: 


Ey = {41,Qy2}, Ea = {21,422}, Ez = (31, 232}. 
Suppose that 
Ay = {11,2}, Az = (21, 22},A3 = {a31}, and 
By = {41}, By = {421,22}, Bg = {431,432} 
are subsets of FE; for each i = 1,2,3, that is,. A;,B; © E; for each i. 
Let the fuzzy hypersoft sets (F,A) and (G,B) be defined Dy 
(FLA) = {((@i1 21,431), {=, 3), ((@11, 422, G31), {= =) 


((@12, 421,431), {,}), (C12, doz, A31), (+, “))}. 


0.8’ 0.9 0.5’ 0.4 
and 
(G,B) = {((@i1, 421, 431), Ge ~), ((@11, 422,431), {= }), 
(C411, 421,432), Ga a) (C41, 422, 432), Ge ~))}. 


We have excluded those a € A for which F(q@) is a null fuzzy set (similarly for those B € B for 
which G(f) is a null fuzzy set). 
Then the union and intersections of (F,A) and (G,B) are given by: 
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(F,A) U (G,B) = {((@11, 421, 431), =, = =), ((@11, 422) 431), E2}), 


0.5’ 0.7’ 0.9 


x3 Xx. x1 
(C442) 421,431), feet aol ((@42, A22, 431), eer rie 


((141, 421,432), Ga “*}), ((Qy1, A22, A32), Corea 
((@12, 421,432), OF), (12, A22, 432), 0F)}; 
and 


(F,A) 0 (G,B) = {((a11 21,31), 29), (Ait G22, 431), {2}. 


The differences (F,A)\(G,B) and (G,B)\(F,A) are the following 
(F,A)\(G,B) = {((@11, 421,431), =, 24), ((441, A22, 431), OF}; 


0.5° 0.5 


(G,B)\(F,A) = {((@11, 21,431), {}), ((@y1, A22, 431), {=})}. 
Example 3 Let U = {x,,X2,X3,X4}. Define the attributes sets by: 


Ey = {4y1, Qy2}, Ey = {21,22}, F3 = (31, A32}- 
Suppose that 
Ay = {11,12}, A2 = (21, A22},A3 = {agi}, and 
By = {011}, Bo = {21, A272}, Bs = {31,432} 
thatis,. A,,B; S E; foreach i = 1,2,3. 
Let the intuitionistic fuzzy hypersoft sets (F,A) and (G,B) be defined by 


(F,A) = {((@41, 421,431), eae Sroe (C41, A22, 31), ene 


((Qy2, 421,431), Gea aerrel ((@y2, Az2, 431), eae age 


and 


(G,B) = {((@i1, G21, 431), {—— . ——D), (C11, G22, G31), rence) 


<0.2,0.6>’ <0.8,0.1> 


=), (E11, 822, 432), (—— ph. 


((A11, G21, 32), { <0.4,0.2>’ <0.1,0.8> 


<0.4,0.5>’ <0.7,0.2> 


We have excluded all those a€ A for which F(a) is a null intuitionistic fuzzy set (similarly for 
those B € B for which G(B) is a null intuitionistic fuzzy set). 
The union and intersections of (F,A) and (G,B) are given by: 


(F, A) U (G,B) 


x: 
= {((Q11, Q21, 431), ree EnESY Sl ((441, 422, 431), aa) 


x4 


((@12, 421,431), { ———}), (C12, A22, 431), ere gatas 


<0.8,0.1>’ <0.1,0.5> 
x, 
((@41, 421,432), (aan! aes ((441, 422,432), aa SRR 


((142, 421,432), Ojr), ((A12, A22, 32), Orr) }; 


and 


(F, A) 0 (G,B) = {((@14, G21, 431), {>*}), (G14, G22, 31), (S555)! 


<0.2,0.6> 
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The differences (F,A)\(G,B) and (G, oe , A) are the following 


(F, A)\G, B) = {((@11, G21, 431), f= =D), (CO 22, 31), f= 


<0.5,0.3>’ <0.6,0.2> <0.3,0.6> 


(G, B)\(F, A) = {((@i1, G21, 31), {= —, =), (11, 222, O31), f= —))}- 


<0.2,0.7>’ <0.8,0.1> <0.5,0.3> 


Example 4 Let U = {x,,X2,X3,x,}. Define the attributes sets by: 


Ey = (411, Qy2}, Ey = {21,22}, Fz = {A31, A32}- 
Suppose that 
Ay = {11,2}, A2 = {21, 22},A3 = {a31}, and 
By = {011}, Bo = {21, Q22}, Bz = {431,432} 
that is,. A;,B; S E; for each i = 1,2,3. 
Let the neutrosophic hypersoft sets (F,A) and (G,B) be defined by 


(FA) = {((@41, 421,431), { 3), (@11) A22) A31)) {= 


yD, 


Aste! ReneS RCTS 


((42, 21,431), { 


Sebanas! af0s0ss TE <0.4,0.3,0.2> 


and 


(G,B) = {((@11, G21, G31), { = }), (C411, 222, 31), {= }), 


PETS ETE ET ENES 


((@11, 421,432), { 


ZEEE TEES AOVEVES <0.1,0.3,0.8> 


3), (C@12) G22, O31), { — })}- 


oD), (11, G22, 432), {———— + _})}. 


412 


We have excluded those a € A for which F(q) is a null intuitionistic fuzzy set (similarly for those 


B € B for which G(6) is a null intuitionistic fuzzy set). 
The union and intersections of (F,A) and (G,B) are given by: 
(F, A) U (G,B) 


x4 x2 
<0.5,0.2,0.3>’ <0.7,0.3,0.2>’ TES 


= )), (O11, 822, 431), {= 


= {((@11, 421,431), { 


———}), (C412, A22, 431), {> + }), 


((@12, 421,431), { Bensas <0.4,0.3,0.2> 


Wao ses 


3), (@i1, G22, O32), { ~ ah 


Sas <0.1,0.3,0.8> 


(11, 1,432), Cae ECTS 


((142, 21,432), On), ((A12, A22, 432), Ow); 


and 


(F, A) 0 (G,B) 


3), (A121, G22, 431), {=} }.- 


= {((@11, 421,431), > 


esas EES 


The differences (F,A)\(G,B) and (G,B)\(F,A) are the following 
(F, A)\(G, B) 


PETEES 
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= {Cin G21, 4a1), Grae PETErhee (C11, 422,431), Gaal! 
(G,B)\(F, A) 
= {(((Qq1, G21, 431), f = 3), (A121) G22, A31), {———)}- 


<0.2,0.15,0.7>’ aT TTEES Zee as 


Remark 3 There are four types of plithogenic hypersoft sets namely: plithogenic crisp hypersoft set, 
plithogenic fuzzy hypersoft set, plithogenic intuitionistic fuzzy hypersoft set, plithogenic neutrosophic 
hypersoft set. Here we discuss only plithogenic crisp hypersoft point whereas examples for other types of sets 


can be constructed in the similar way. 


Example 5 Let U = {x1,X2,X3,X,}. Define the attributes sets by: 


Fy = {041,12}, Eo = {21,422}, Fz = {31 A32}- 

Suppose that 
Ay = {441 G2}, Az = {421,22}, Az = {43,1}, and 
By = {041}, By = {421,22}, Bz = {431,432} 

thatis,. A,,B; S E; for each i = 1,2,3. 
Let the plithogenic crisp hypersoft sets (F,A) and (G,B) be defined by 

(FLA) = {((Git 21, 431), (%1 (10,1), X2(1,1,1)}), (Cir, 22, 431), {%2(0,0,1)}), 
((@42) 421,431), {%3(1,1,0), x4 (1,1,1)}), (diz, A22, O31), {%1 (10,1), x4 (0,1,0)})}. 

and 
(G,B) = {((@y1, Qg1, M31), {%2 (11,1), %3(1,1,0)}), (Cara, Az2, 31), {%2(0,1,0)}), 


((11, G21, 432), {%1 (01,1), X4(1,1,1)}), ((Qi1, Q22, G32), {%3 (1,1), x41) Ph. 
We have excluded all those a € A for which F(a) is a null plithogenic crisp set (similarly for those 


B € B for which G(6) is a null plithogenic crisp set). 
The union and intersections of (F,A) and (G,B) are given by: 
(F,A) U (G,B) = (((@i1, G21, G31), {X1 (10,1), x2 (1,11), x3 (1,1,0)}), 
((@44) 422,431), {%2(0,1,1)}), (Cara, @21, 431), {%3(1,1,0), x4 (1,1,1)}), 
((@12, 422,431), {%1(1,0,1), x4(0,1,0)}), 
((@11) 421, G32), {%1(0,1,1), x4(1,1,1)}), (Git, @22, A32), {%3(1,1,1), x4(1,1,1)}), 


((@12, 421,432), Opc), ((A12, 422, A32), Opc)}: 
(F,A) 0 (G,B) = {((@14, G21, 431), {%2(1,1,))}), (11, Az2, 31), Opc)}- 


The differences (F,A)\(G,B) and (G,B)\(F,A) are the following 


(F,A)\(G, B) = {((Q11, G21, 431), {%1 (1,0,1)}), ((@11, @22, A31), {%2(0,0,1)})}; 
(G,B)\(F,A) = {((@11, 21, A31), {%3(1,1,0)}), (C11, A22, 431), {%2(0,1,0)})}. 


Proposition 1 Let (F,A) be a *-hypersoft set over U,. Then the following holds; 
1. (F,A) U ®, = (F,A); 
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(F,A) A Pq = ®y; 
(F,A) GU, = U4; 
(F, A) © Uy = (F,A); 
Uy\(F,A) = (FA) 


ooo YN 


6. (F,A) G (F,A)* = U4; 
7. (F,A)f(F,A)° = ®,. 


Proof. We will prove only (i), (ii) and (v) and proofs of remaining are similar. 
(i) By the definition of union, we have 
(F,A) U ®, = (H,C), 
where C=A and H(a) = F(a) U, 0, = F(a) for all a € C. Hence (H,C) = (F,A). 
(ii) By the definition of intersection, we obtain that 
(F,A) A ®, = (H,C), 
where C=A and H(qa) = F(a) n, 0, = 0, for all a € C. Hence (H,C) = ®,. 
(v) By the definition of difference, we get 
Oa\(F,A) = (0), 
where C=A and H(qa) = U\,F(a) = F°(a) for all a € C. Hence (H,C) = (F, A). 


3. Hypersoft point 


In this section, we define hypersoft point in different frameworks and study some basic 


properties of such points in each setup. 


3.1 Crisp hypersoft point 

Definition 9 Let AC E, a € A,and x € U. Ahypersoft set (F, A) is said to be a hypersoft point if F(a’) is 
an empty set for every a € A\{a} and F(a) isa singleton set. We will denote hypersoft point (F,A) simply 
by P(e), 

Definition 10 A hypersoft set (F,A) is said to be an empty hypersoft point if F(a) is an empty set for each 
a € A. We will denote an empty hypersoft set, corresponding to a, by P®). 

As a matter of fact if (F,A) is a null hypersoft set then for every a € A it may be regarded 


as empty hypersoft set P“”). 


Definition 11 A hypersoft point P“* is said to belong to a hypersoft set (G,A) if P“*) E (G, A). We write 
it as P“%*) € (G,A). 
It is straightforward to check that the hypersoft union of hypersoft points of a hypersoft set 
(G,A) returns the hypersoft set (G, A), that is, 
(G, A) =U {P@*); P(@* E (G, A)}. 


We illustrate the above observation through the following example. 
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Example 6 Let U = {x,, X2,X3,X,}, and (F,A) be as given in the example 1. Then the hypersoft points 
of (F,A) are the following: 

pene = {(Gi1 21,431), (Dh; 

Peele) = {((i1, @21, @31), {X2})}; 

pas = {((Ai1, @z2, A31), {X2})}; 

Pp aztenet a = {((A12, G21, G31), {X3})}; 

paeuieuns) = {((A12, @21, 31), {X4})}; 

pe = {(Gi2, 22,431), (4h; 

aa = {((Gi2, A22, 431), {X4})}. 


Moreover 
(F,A) = pitt vi pr 2 vi pec eeeent aa) 


o pen easn re? 6 pete as? o pete o pene, 


Proposition 2 Let (F,A),(F,,A) and (F,,A) be hypersoft sets over U. Then the following hold: 
If (F,A) is not a null hypersoft set, then (F,A) contains at least one nonempty hypersoft point. 
(F,,A) © (Fp, A) if and only if P“*) € (F,,A) implies that P@) € (Fy, A). 

P@*) € (F,,A) O (F,A) if and only if P&©*) & (F,,A) or P@*) & (Fy, A). 

P@*) & (F,,A) A (Fy, A) if and only if P©*) & (F,,A) and P@” € (F,, A). 

P(@*) € (F,,A)\(F,, A) ifand only if P@) € (F,,A) and P%* € (F,, A). 


ore ee ke SS 


Proof. We will prove (1), (2) and (3). Proofs of (4) and (5) are similar to that of (3). 
(1) Suppose that (F,A) is not a null hypersoft set, that is, F(a) # 2 forsome a€ A. Nowif a €A 
is such that F(a.) #2, then for x € F(a), there will be a hypersoft point Po) such that 
P(o%) € (F, A). 
(2) Suppose that (F,,A) © (F,,A) and P“” € (F,, A). By the definition 11, we have 
p(x) & (F,,A). 

Thus 

p(@x) € (F,,A) & (Fy, A) 
implies that P(*) € (Fy, A). 

Conversely suppose that P‘*) €(F,,A) which implies that P*) € (F,,A). By the 
definition 11, we obtain that 
p(@x) E (F,, A)forallP(*” € (F,, A). 
Thus we have 
(F,,A) =U {P*); P(@*) E (G, A)} & (Fy, A). 

(3) Suppose that P“*) € (F,,A) 0 (F, A). It follows from the definition 11 that 

P(%x) & (F,, A) U (Fp, A), 
which implies that x € F,(@) Uc F,(a). Thus x € F,(@) or F,(a). Hence we have 

P(x) € (F,, A)orP@*) & (F,, A). 

Conversely suppose that P“”) € (F,,A) or P“”) € (F,,A). This implies that x € F,(a) or F,(a). 
Thus x € F,(a) Uc F,(a) and so we have 

P(@x) E (F,, A) U (Fy, A). 
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3.2 Fuzzy hypersoft point 
Definition 12 Let AG E, a€ A, and x € Uz. A fuzzy hypersoft set (F,A) is said to be a fuzzy hypersoft 
point if F(a) is a null fuzzy set for every a € A\{a} and F(a)(y) = 0 for all y #x. We will denote 
(F,A) simply by FP), 
Definition 13 A fuzzy hypersoft set (F,A) is said to be a null fuzzy hypersoft point if F(a) is a null fuzzy 
set for each a € A. We denote a null fuzzy hypersoft set, corresponding to a, by FP@°F), 

Note that if (F,A) is a null fuzzy hypersoft set then for every a € A, it can be regarded as 
null fuzzy hypersoft set F P°*°F), 
Definition 14 A fuzzy hypersoft point FP“* is said to belong to a fuzzy hypersoft set (G,A) if 
FP“) & (G,A). We write it as FP““~) € (G, A). 

It is straightforward to check that the fuzzy hypersoft union of fuzzy hypersoft points of a 
fuzzy hypersoft set (G,A) returns the fuzzy hypersoft set (G, A), that is, 

(G, A) =U {FP”); FP() & (G, A)}. 

We illustrate this observation through the following example. 

Example 7 Let U = {x,,X2,x3,X,}, and (F,A) be as given in the example 2. Then some of the fuzzy 


hypersoft points of (F,A) are given as: 


F pl @1421.431)%1) = {a Osi ds): {=4}) . 


F pl@a1a21.431)%1) =! ((ay4, 54,431), 3) . 


rN at ae = 7 (C11, G21, 431), 3) ; 


, , , Pe 9, 
F pK 422,431),%2) _ (444) Ao2, 31), (23) : 


pp eet = 


, 


, , , oo 
Fp eee ((@12, 421,431), a) 


, 


PD eee) = 7 ((Qi2, A21, 431), cy) 


F pl @12-a22,031)%1) =} ((a4>, Ay>,431), 3) 


, 


{Caz dor 31), S23}; 
} 


F pi @s2422,031)%4) =} ((a4, Ay>,431), 43) 


Moreover we have 
(F,A) = EEE ease) o RE Oey vi pp eaten) 


o Rp eee) o pep aznantate) vi Epes 
vi per ranene o pees o | ie aca 
Proposition 3 Let (F,A),(F,,A) and (F,A) be fuzzy hypersoft sets over U. Then the following hold: 
1. If (F,A) is not a null fuzzy hypersoft set, then (F,A) contains at least one nonnull fuzzy 
hypersoft point. 
2. (F,,A) © (Fy, A) if and only if FP“) € (F,,A) implies that FP“) € (F,, A). 
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3. FP*) € (F,,A) U (Ff, A) if and only if FP“) € (F,,A) or FP“) € (Fy, A). 
4. FP”) € (F,,A) 0 (F:,A) if and only if FP“) € (F,,A) and FP” € (Fy, A). 


5. FP) € (F,,A)\(Fp,A) if and only if FP@®) € (F,,A) and FP) € (F,, A). 


The proof of above proposition is similar as in the case of crisp hypersoft point. 


3.3. Intuitionistic fuzzy hypersoft point 

Definition 15 Let AS E, a€ A, and x € Uj,. An intuitionistic fuzzy hypersoft set (F, A) is said to be an 
intuitionistic fuzzy hypersoft point if F(a) is a null intuitionistic fuzzy set for every a € A\{a} and 
F(a)(y) =< 0,1 > forall y # x. We will denote (F,A) simply by IFP“*). 

Definition 16 An intuitionistic fuzzy hypersoft set (F,A) is said to be a null intuitionistic fuzzy hypersoft 
point if F(a) is a null intuitionistic fuzzy set for each a € A. We will denote a null intuitionistic fuzzy 
hypersoft set, corresponding to a, by IF PF), 

If (F,A) is a null intuitionistic fuzzy hypersoft set, then for every a € A it can be regarded as 
null intuitionistic fuzzy hypersoft set [F PF), 

Definition 17 An intuitionistic fuzzy hypersoft point IF P“*) is said to belong to an intuitionistic fuzzy 
hypersoft set (G,A) if IFP“**) € (G,A). We write it as IF P°**) E (G, A). 

It is straightforward to check that the intuitionistic fuzzy hypersoft union of intuitionistic fuzzy 
hypersoft points of an intuitionistic fuzzy hypersoft set (G,A) gives the intuitionistic fuzzy 
hypersoft set (G, A), that is, 

(G,A) =U (IF P@*); [FP@*) & (G, A)}. 
We illustrate this observation through the following example. 
Example 8 Let U = {x,,X2,X3,X4}, and (F,A) be as given in the example 3. Then some of the 


intuitionistic fuzzy hypersoft points of (F,A) are the following: 


Ne ae = {aisan: 31), Sp}; 
a a ee {au 21,431), i 2.0. ——))}; ; 
ih es eee = {(Gi ao, 31), fp}; 
IRD PRES DED ee = {(Gai a2, 431), fp}; 
DERISP PRA UIs eee {((ar2, 21,431), {as 8,0. ==}; ; 
TB Te eters) = {((ar2, 21,431), Ca £0: =~}; ; 


IFPxy yer") — (ayy, doy dar) {jes)} i 
[F p&412422,431),*1) = 
8 = 7 ((G12, 422, 431), Cres 


[Rp te2 a es) = { (a1) @22, ai), =p}. 
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Moreover we have 
(F,A) = Tp eee o [Ep eae o Teper 


o TP poten sla) o Ep OCeeeanaus) o ippteeeete es) 
o JE pe ents) o IR py etanean) a) vi pete ee. 


Proposition 4 Let (F,A),(F,,A) and (F;,A) be intuitionistic fuzzy hypersoft sets over U. Then the 
following hold: 
1. If (F,A) is not a null intuitionistic fuzzy hypersoft set then (F,A) contains at least one nonnull 
intuitionistic fuzzy hypersoft point. 
2. (F,,A) © (Fy, A) if and only if FP”) € (F,,A) implies that IF P%”) € (F5, A). 
3. IFP@®) & (F,, A) 0 (F,,A) if and only if IP”) € (F,, A) or IFP@® € (Fy, A). 
4. IFP(@*) € (F,,A) 0 (Fy, A) if and only if IFP@® € (F,,A) and IF P@* € (Fy, A). 
5. IFP(@*) € (F,,A)\(F2,A) if and only if IFP*) € (F,,A) and IFP@* € (F,, A). 


The proof of above proposition is similar as in the case of crisp hypersoft point. 


3.4 Neutrosophic hypersoft point 

Definition 18 Let AC E and a€A, x € UN. A neutrosophic hypersoft set (F,A) is said to be a 
neutrosophic fuzzy hypersoft point if F(a’) isa null neutrosophic set for every a' € A\{a} and F(a)(y) =< 
0,1,1 > forall y # x. We will denote (F,A) simply by NP“), 

Definition 19 A neutrosophic hypersoft set (F,A) is said to be a null neutrosophic hypersoft point if F(a) is 
a null neutrosophic set for each a € A. We will denote a null neutrosophic hypersoft set, corresponding to a, 
by NPN), 

Its a matter of fact that if (F, A) is a null neutrosophic hypersoft set then for every a € A it 
can be regarded as null neutrosophic hypersoft set NP‘%°), 

Definition 20 A neutrosophic hypersoft point NP“) is said to belong to a neutrosophic hypersoft set (G, A) 
if NP‘“*) & (G,A). We write it as NP“) € (G,A). 

It is straightforward to check that the neutrosophic hypersoft union of neutrosophic 
hypersoft points of a neutrosophic hypersoft set (G,A) returns the neutrosophic hypersoft set 
(G, A), that is, 

(G, A) =U {NP“%”): NP(™*) & (G, A)}. 


We illustrate this observation through the following example. 
Example 9 Let U = {x,,X2,X3,X,}, and (F,A) be as given in the example 4. Some of the neutrosophic 


hypersoft points of (F,A) are the following: 


Ae ee - {Cai @o4, 431), Serre 8) 0 


ES 


np 1421,431),%1) _ 


Dy: 


((11, 421,431), {= 


if 
(C411 21 431), {Sasses)}i : 
j 


EReREES 


PK 121,031)X2) _ ={ 
piu teartas)22) { 


((@41, 422,431), fae}: 
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N pi@r2.421,431)%3) _ {((a12,@21, 431), fa} 
N p6@12-421-431),%4) = 
6 = 1 ((Gi2, G21, 431), Carre) , 
N pi @12-422-431).%1) = 
7 = 1 ((Gi2, 422,431), Caries. ; 
122,031)X4) __ 
Nees SRR ee SS {(ar2, 22,431), fap}. 


Moreover we have 


(F,A) = Np{@11-421-431),%1) o N p6@11-421-431).%1) o N pi @11-421-431),*2) 
, 1 2 3 
o Np{G@11/422-431),%2) o N pi @12-421-431).%3) o N p(@12:421-431),%4) 
4 5 6 
o Np atente) vi NE ee 


Proposition 5 Let (F,A),(F,,A) and (F,,A) be neutrosophic hypersoft sets over U. Then the following 

hold: 
If (F,A) is not a null neutrosophic hypersoft set then (F,A) contains at least one nonnull neutrosophic 

hypersoft point. 
2. (F,,A) © (Fy, A) if and only if NP” € (F,, A) implies that NP“) € (Fy, A). 
3. NP“) € (F,,A) G (FA) ifand only if NP” € (F,, A) or NP@*) & (Fy, A). 
4. NP“) € (F,,A) 0 (F:,A) ifand only if NP”) € (F,,A) and NP“) € (Fy, A). 
5. NP‘%*) € (F,,A)\(F,,A) if and only if NP” € (F,,A) and NP) € (F, A). 


The proof of above proposition is similar as in the case of crisp hypersoft point. 


3.5 Plithogenic hypersoft point 

There may be four types of plithogenic hypersoft points namely: plithogenic crisp hypersoft 
point, plithogenic fuzzy hypersoft point, plithogenic intuitionistic fuzzy hypersoft point, plithogenic 
neutrosophic hypersoft point. But in this section we discuss only plithogenic crisp hypersoft point 


whereas other concepts and examples can be given in the similar way. 


Definition 21 Let AC E, a€ A, and x € Up. A plithogenic crisp hypersoft set (F,A) is said to be a 
plithogenic crisp hypersoft point if F(a’) is a null plithogenic crisp set for every a’ € A\{a} and 
F(a)(y)(0) forall y # x. We will denote (F,A) simply by P.P”, 
Definition 22 A plithogenic crisp hypersoft set (F, A) is said to be a null plithogenic crisp hypersoft point if 
F(q@) is a null plithogenic crisp set for each a € A. We will denote a null plithogenic crisp hypersoft set, 
corresponding to a, by P,P\% Pc), 

Note that if (F,A) is a null plithogenic crisp hypersoft set, then for every a € A it can be 
regarded as a null plithogenic crisp hypersoft set P,P‘%°?°). 
Definition 23 A plithogenic crisp hypersoft point P,P‘) is said to belong to a plithogenic crisp hypersoft set 
(G, A) if P.P°*™) € (G,A). We write it as P.P“*”) E (G,A). 
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It is straightforward to check that the plithogenic crisp hypersoft union of plithogenic crisp 
hypersoft points of a plithogenic crisp hypersoft set (G,A) gives back the plithogenic crisp 
hypersoft set (G, A), that is, 

(G, A) =U (P,P); P,P) E (G, A)}. 


We illustrate this observation through the following example. 
Example 10 Let U = {x,,x2,X3,X,}, and (F,A) be as given in the example 5. Then some of the 
plithogenic crisp hypersoft points of (F,A) are the following: 

PaPLOVEVD) = (ayy, A431), {4 (L.0,1)))}; 
Pipe) = {((Qi1, G21, 31), {%2(1,1,1)})}; 
Daa = {((A11, @z2, 231), {X2(0,0,1)})}; 
a = {((A12, @z1, 431), {x3 (1,1,0)})}; 
aaa = {((12, Qz1, A31), {%4(1,1,1)})}; 
P,PLO22EID = {((ayp, 22, 51), 0% (LOD 
Beene. = {((A12, @z2, 431), {X4(0,1,0)})}. 
Moreover we have 


(F,A) =P. p{(411-421431).*1) Op p{(411-421431)-%2) 

, SOA. c*2 

i ((@11,422,431).X2) % ((@12,421,431),%3) % ((412,421,431),%4) 
0 PP, 411,422,031),X2 0 P.P; 12,421:031),X3 0 pps 12/421,031),%4 


o Pp, p&(@12,422,431) 1) G Pp, pi(@s2raa2itsi)ta), 


Proposition 6 Let (F,A),(F,,A) and (F,,A) be plithogenic crisp hypersoft sets over U. Then the following 
hold: 
1. If (F,A) is not a null plithogenic crisp hypersoft set then (F,A) contains at least one nonnull plithogenic 
crisp hypersoft point. 
2. (F,,A) © (Fy, A) ifand only if P,P“) € (F,,A) implies that P,P) € (Fp, A). 
3. P,P) € (F,,A) 0 (F,A) if and only if P,P” € (F,,A) or P,P” € (Fy, A). 
4. P,P“) & (F,,A) 0 (F),A) if and only if P,P”) € (F,, A) and P,P) € (Fp, A). 
5. P,P(®*) & (F,,A)\(F2, A) ifand only if P,P“ € (F,,A) and P,P) € (Fp, A). 


The proof of above proposition is similar as in the case of crisp hypersoft point. 


4. Conclusions 


In this paper, we have initiated the concept of hypersoft point that will lead to define 
Cartesian product and then function on *-hypersoft sets. As a future work, one may carry out the 
study of *-hypersoft topological spaces. Once the functions on *-hypersoft sets are defined, this may 


lead to the study of fixed point results in this new framework. 
Funding: This research received no external funding. 
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